Vesicoureteral reflux (VUR), or the reverse flow of urine from the bladder into the ureter or renal collecting system, is characterized by a wide spectrum of severity. Consequently, a spectrum of treatment options exists that can be broadly divided into non-operative and surgical management. Non-operative management is based on the natural history of reflux which suggests that the vast majority of VUR, and in particular low grades of reflux, will resolve spontaneously. Furthermore, most patients with lower grades of VUR are at relatively low risk for recurrent pyelonephritis. The focus of non-operative management is to prevent urinary tract infections that, when combined with VUR, place a child's kidney at risk for renal damage and potential loss of renal function. This is typically achieved by optimizing bladder and bowel function through a combination of dietary, behavioral, or pharmacologic therapies and in some cases may include the use of antibiotic prophylaxis. Surgical management seeks to mechanically correct VUR, either by endoscopic injection of the intravesical ureteral tunnel with bulking agents (Deflux) or with open or minimally invasive surgical ureteral reimplantation. Deflux provides a less invasive but comparatively less successful alternative to surgical reimplantation, and therefore, surgical reimplantation is more frequently utilized in children with persistent high-grade VUR, known renal damage, and associated bladder and bowel dysfunction. These approaches are not mutually exclusive, and the management of VUR is highly individualized, taking into consideration a Pediatric Urology (P Reddy and B VanderBrink, Section Editors) litany of factors including a child's age, sex, severity of reflux, response to previous therapy options, the presence and severity of renal damage, and concomitant bladder and bowel dysfunction. These considerations must also be balanced with patient/parent preference and the potential consequences of choosing a particular treatment strategy.
Opinion statement
Vesicoureteral reflux (VUR), or the reverse flow of urine from the bladder into the ureter or renal collecting system, is characterized by a wide spectrum of severity. Consequently, a spectrum of treatment options exists that can be broadly divided into non-operative and surgical management. Non-operative management is based on the natural history of reflux which suggests that the vast majority of VUR, and in particular low grades of reflux, will resolve spontaneously. Furthermore, most patients with lower grades of VUR are at relatively low risk for recurrent pyelonephritis. The focus of non-operative management is to prevent urinary tract infections that, when combined with VUR, place a child's kidney at risk for renal damage and potential loss of renal function. This is typically achieved by optimizing bladder and bowel function through a combination of dietary, behavioral, or pharmacologic therapies and in some cases may include the use of antibiotic prophylaxis. Surgical management seeks to mechanically correct VUR, either by endoscopic injection of the intravesical ureteral tunnel with bulking agents (Deflux) or with open or minimally invasive surgical ureteral reimplantation. Deflux provides a less invasive but comparatively less successful alternative to surgical reimplantation, and therefore, surgical reimplantation is more frequently utilized in children with persistent high-grade VUR, known renal damage, and associated bladder and bowel dysfunction. These approaches are not mutually exclusive, and the management of VUR is highly individualized, taking into consideration a
Introduction
Primary vesicoureteral reflux (VUR) describes reverse flow of urine from the urinary bladder into the ureter or renal collecting system as a result of abnormal development of the ureterovesical junction (UVJ). Although the exact incidence of primary or congenital VUR is difficult to determine due to its often asymptomatic nature, it is estimated to occur in approximately 1-9 % of all children and infants, 10-20 % of infants with antenatal hydronephrosis, and 30-50 % of children presenting with a UTI [1, 2, 3•] . While more commonly found in infant boys, as children age, VUR is more commonly detected in girls, probably because girls are at higher risk for UTI after the first 6-12 months of life. A familial component to VUR also exists, evidenced by the finding that approximately one third of siblings of a child with VUR will also have VUR [4] . VUR may also be secondary, i.e., acquired as sequelae of functional (e.g., neuropathic bladder, dysfunctional voiding) or anatomic (e.g., posterior urethral valves) bladder outlet obstruction. In secondary VUR, high intravesical pressures overcome the mechanism of the UVJ to prevent reverse flow of urine into the upper tracts, leading to the development of VUR. Regardless of the etiology, VUR in combination with UTI is a well-described risk factor for pyelonephritis. In some cases, repeated infection and/or transmission of high bladder pressures into the upper tracts in cases of secondary VUR can result in significant renal scarring and even progression to renal insufficiency [5•] . The prevention of the sequelae of recurrent pyelonephritis and renal scarring is the primary goal in the management of a patient with VUR and the impetus for treatment.
VUR is radiographically diagnosed on voiding cystourethrogram and is assigned a grade of severity ranging from I to V based on criteria defined by the International Reflux Committee (see Fig. 1 ) [6] . As suggested by this grading system, VUR exists on a spectrum. Higher grade, "clinically significant" VUR (grades III-V) is less likely to resolve on its own and, when it does, is estimated to take a longer period of time. Conversely, the natural history of low-grade VUR (grades I-II) is more rapid resolution in a higher percentage of patients. Resolution rates for grades I, II, III, and IV have been reported to be 83, 77, 68, and 36 % over an estimated median years to a resolution of 2.7, 3.1, 4.5, and 9.5 years, respectively [7] .
As attempts have been made to shift from diagnosing and treating all grades of VUR to a more selective strategy, multiple screening and diagnostic guidelines have been developed that are varied and conflicting [5•] . A spectrum of management options has also evolved, targeting UTI prevention, correction of VUR, or both. These include management of bowel and bladder dysfunction with various behavioral and pharmacologic interventions, antimicrobial prophylaxis, and finally surgical intervention with endoscopic injection, open, and robotic-assisted laparoscopic ureteral reimplantation.
In this review, we will summarize the operative and non-operative options for the management of primary VUR, highlighting our own philosophy and experiences as well as recent developments in literature. We hope that our discussion of VUR treatment options will provide insight for pediatricians practicing in the community as to why a certain management strategy might be selected for particular patient based on their individual circumstances. [8] . Similarly, an increased risk for UTI is also well known to exist in children with coexisting BBD [9, 10] . Although the natural history of VUR suggests a high likelihood of spontaneous resolution with maturation of bladder function, it is our opinion that surveillance alone is suboptimal. At a minimum, children presenting with VUR should be screened for BBD. Tools for the identification of BBD include a history and physical exam, bladder and stool diary with a Bristol Stool Form Score, and, when the history and diary are suggestive of BBD, a uroflow (with or without electromyography with perineal patch electrodes) and clinic ultrasound measurement of post-void residual [11• ]. An abdominal X-ray is also useful to document the stool burden in the colon and demonstrate to the parents that their child does in fact have constipation.
The impact of BBD on children with VUR is multifaceted. Untreated BBD increases the risk of UTI and reduces the likelihood of spontaneous resolution of VUR. For those children undergoing surgical correction of their reflux, BBD decreases the success rates of endoscopic injection therapy and increases the risk of UTI after open or endoscopic surgery, even if the surgery was deemed to be successful [11•, 12••] . Consequently, successful management of BBD provides the physician, patient, and their family an opportunity to positively impact the clinical course of VUR through a variety of non-operative treatment options.
As highlighted in the 2010 American Urological Association's Guideline on the management of primary VUR in children, no single treatment regimen is recommended, and comparative studies between regimens have not been performed [12••] . As a result, therapy is frequently highly individual and may include behavioral modifications such as frequent timed voidings (reinforced by parents and/or use of a silent, multialarm vibrating wristwatch), pelvic floor therapy, and in selective cases various pharmacologic adjuncts including anticholinergics and alphablockers [11•, 13] . The treatment of constipation with Miralax and/or high-fiber diets or fiber supplements (fiber gummies) combined with good hydration, and in refractory cases laxatives, stool softeners, motility stimulants, or even enemas, can also be implemented [14] .
Antimicrobial prophylaxis
& Antimicrobial prophylaxis can minimize or eliminate febrile urinary tract infections in some children with VUR, and the benefit is greatest in older girls with higher grade VUR and concomitant BBD. & The effect of prophylaxis on long-term renal scarring continues to be debated. Antimicrobial prophylaxis (see Table 1 ) has historically been a standard therapy in prevention of UTI in children with any grade of VUR, based on the logic that the prevention of UTI would in turn prevent renal scarring until a child's reflux resolves or is surgically corrected. In an era of increasing antibiotic resistance, this assumption began to be questioned, particularly when compliance rates with prophylaxis were demonstrated to be as low as 40 % [15] . An increasing number of studies challenged the effectiveness of antimicrobial prophylaxis, as summarized by a recent Cochrane review of 20 randomized control trials including 2324 children which concluded that long-term, low-dose antibiotic prophylaxis failed to significantly reduce symptomatic or febrile UTIs compared to placebo or no treatment [16] .
While an in-depth analysis of the vast body of literature on antimicrobial prophylaxis and VUR is beyond the scope of this review, it is unlikely that the effectiveness of antimicrobial prophylaxis in children with VUR is an all or nothing phenomenon. There are certain patients that do derive real benefit from antimicrobial prophylaxis as illustrated by the recently published Swedish reflux trial [17•] and RIVUR trial [18•] .
The Swedish reflux trial randomized 203 children with grade 3-4 VUR and a history of "one to several" UTIs to antibiotic prophylaxis, endoscopic injection, or surveillance. At study entry, abnormal DMSA imaging suggestive of renal scarring was present in 61 % of the children. Over the 2-year study period, UTI recurrence was lowest in girls on antibiotic prophylaxis (19 %) versus surveillance (57 %), and the occurrence of new renal scarring was significantly lower in girls on antibiotic prophylaxis. Not surprisingly, lower urinary tract dysfunction at follow-up was associated with a lower rate of improvement of VUR as well as an increased risk of recurrent infection. No difference was seen in boys, which the authors attribute to the overall decreased risk of UTI in boys after 6 months of age, whereas the risk of UTI in girls increases after 6 months. Alternatively, let's consider the recently completed randomized, double-blinded, placebo-controlled multicenter RIVUR trial. When comparing this patient population to that of the Swedish reflux trial, over half of the patients (54 %) had low grade 1-2 VUR, and almost all the patients in the study were enrolled after their first UTI (91.3 %). Ninety-six percent of the patients in the RIVUR had no evidence of renal scarring at study intake. In this study, antibiotic prophylaxis reduced the risk of UTI recurrence by 50 %, and this benefit was greatest in children with concomitant BBD, where an 80 % reduction in UTI recurrence was observed. Antibiotic prophylaxis did not, however, impact the formation of new renal scarring (10-12 % occurrence) in either the prophylaxis or placebo groups, probably reflecting the fact that the majority of children had lower grade VUR and a history of only one febrile UTI. Also, the impact of rapid identification and treatment of recurrent febrile UTIs as a consequence of being a study participant may have been another protective factor.
In summary, antimicrobial prophylaxis most likely does not substantially benefit all patients with VUR, particularly those with low-grade VUR who have had only one UTI, and the individual characteristics of each patient must be considered in making the decision to place a child with VUR on prophylaxis. There clearly remains a subset of higher risk patients-recurrent UTIs, older girls with BBD, high-grade (≥III) VUR, and/or evidence of renal scarring-in whom antibiotic prophylaxis can have a significant, beneficial impact. Furthermore, the clinician and parents must also weigh subjective factors including the severity and impact of recurrent UTIs on the family and the child and the parents' ability to comply with and the concerns about long-term use of antibiotics in this decision-making process.
Surgical intervention
& Circumcision can decrease the risk of UTIs in males with VUR, especially in infants less than 6 months of age. & Endoscopic injection of dextranomer hyaluronic acid copolymer (Deflux) is a less invasive surgical alternative with the highest likelihood of success in children with low-grade (I-III) reflux with normal bladder and bowel function. Parents should be counseled on the potential need for additional investigation and intervention due to the lower success rates with this modality when compared with surgical ureteral reimplantation. & Open ureteral reimplantation is the gold standard for the correction of VUR with success rates greater than 95 %. & Robotic-assisted ureteral reimplantation is an increasingly utilized modality with success rates approaching open ureteral reimplantation in small patient series. Further studies are needed to define the costs and benefits of this procedure.
Circumcision
In febrile infants less than 6 months of age, uncircumcised males have been found to have a higher rate of UTI (21.3 %) compared to circumcised males (2.3 %) and females (5 %), translating to an approximately tenfold increase in risk for UTI [19] . Therefore, circumcision provides a substantial opportunity to mitigate the risk of further UTIs in an uncircumcised male infant with a history of UTI, particularly if that child has an additional risk factor for UTI such as VUR. The incidence of adverse events associated with newborn male circumcisions in US medical settings is low, with recent estimates of 0.5 % or less [20] . The window of impact for circumcision, however, does appear to be finite. Studies have shown that if successful surgical correction of VUR is performed in an uncircumcised child, concomitant circumcision at the time of reflux surgery does not appear to impact the occurrence of febrile UTI [21] . The decision to pursue circumcision for one's child is a personal one and often multi-factorial; however, it is an important option to include in the counseling of the parents of an uncircumcised male infant with urinary tract infections and concomitant VUR. It should be noted that in many cases of boys with VUR, circumcision can replace the need for long-term antibiotic prophylaxis.
Endoscopic injection
In 2001, the US Food and Drug Administration approved the use of Deflux for endoscopic injection for the treatment of pediatric patients with primary grade 2-4 VUR. While multiple Deflux administration techniques exist, the most commonly one utilized by pediatric urologists today is the so-called double HIT (hydrodistention implantation technique) [22] . This technique utilizes both the proximal and distal intraureteral implantation sites with the goal of complete coaptation of both the ureteral orifice and intravesical ureteral tunnel [23] .
Reported success rates of Deflux vary widely, and the factor most predictive of success is the pre-operative grade of VUR. In a recent systematic review, children with grade 1 VUR had an 81 % probability of successful correction of VUR, while children with grade 5 VUR had only a 62 % probability of success [24] . These findings are similar to an earlier meta-analysis which reported Deflux success rates of 78.5, 78.5, 72.31, 62.5, and 50.9 % in children with grade I-V VUR, respectively [25] .
Factors associated with decreased success of Deflux injection include concomitant anatomic and functional abnormalities of the bladder or previous surgical ureteral reimplantation [24] . Concerns also exist regarding the sustained success of Deflux with longer-term follow-up. At 1-year status postDeflux injection, Lee et al. reported only a 46 % continued success rate [26] . The occurrence of recurrent febrile UTIs in patients after Deflux injection also appears to herald late failure; Sedberry-Ross et al. found that as many as 30 % of high-risk patients may experience a febrile UTI after Deflux even when an initial post-procedure VCUG demonstrated successful treatment [27] . Of those patients, up to 92 % demonstrated a recurrence of VUR when re-imaged. Seventyfive percent of those patients with a post-Deflux febrile UTI had concomitant dysfunctional elimination. Renal scarring and a prior history of multiple UTIs were also risk factors. Similarly, Chi et al. also found that 50 % of patients presenting with a post-Deflux febrile UTI (10.5 %) had recurrent VUR [28] .
While local, self-limiting symptoms may occur post-endoscopic injection, Deflux is a low-risk procedure. The most commonly occurring serious side effect is ureteral obstruction which has been documented to occur 0.6 % of injected ureters. This obstruction is usually transient and can be successfully managed with temporary ureteral stenting. Also of note, nearly all patients experiencing this complication (80 %) have had dysfunctional voiding or a neuropathic bladder [29] .
Due to the significant expense of the material, concern has been raised regarding the cost-effectiveness of Deflux injection therapy. A recent estimate noted the cost of a 1-mL vial of Deflux to be $1045. Furthermore, there has been a 33 % increase in the mean number of vials utilized per procedure at multiple institutions over a 6-year period [30] . While it has been speculated that an increased amount of material injected might increase the effectiveness of the procedure or reflect changes in practice patterns such as increased treatment of bilateral or higher grades of VUR with Deflux, the exact reasons are unknown, and this remains an important consideration.
While Deflux is costly and has a lower rate of success when compared to surgical ureteral reimplantation, it remains a reasonable alternative particularly suited for children with mild to moderate low-grade VUR without concomitant BBD or anatomic bladder anomalies whose parents desire to avoid more invasive forms of surgical correction. We recommend follow-up with an ultrasound at 1-month post-endoscopic injection to rule out obstruction followed by a voiding cystourethrogram at 3 months postoperatively to ensure resolution of VUR. In patients with correction of their VUR at 3 months, an additional VCUG at 1 year postoperatively is ideal to monitor for late recurrences, but rarely is this done routinely unless febrile infection recurs. Many centers are now foregoing the post-Deflux VCUG and are only imaging those patients that present with a febrile UTI post-Deflux injection.
Ureteral reimplantation
While endoscopic injection corrects VUR by coapting the intravesical tunnel and decreasing the diameter of the intravesical ureter, surgical ureteral reimplantation corrects VUR by increasing the length of the intravesical tunnel. This can be achieved by both open and minimally invasive surgical techniques utilizing both intra-and extravesical approaches.
Absolute indications for surgical ureteral reimplantation include one or more breakthrough urinary tract infections while on prophylactic antibiotics associated with new renal damage on DMSA scan, both in cases where there is an inability to comply with therapy or when infections are caused by resistant organisms. However, one prospective study has shown that the actual risk of new renal damage on DMSA scans associated with a breakthrough febrile UTI is only 17 % [31] . Therefore, in the absence of new renal damage, a change in antibiotic prophylaxis is a reasonable alternative, particularly if the patient has had only one breakthrough UTI. A relative indication for surgical reimplantation includes persistent moderate or higher grade VUR in an older child after an extended trial of antibiotic prophylaxis. In this scenario, concerns may arise related to long-term antibiotic exposure and accumulating radiation exposure from repeated surveillance imaging. The process of surveillance may in and of itself become tedious, leading parents to want to have the reflux "fixed."
Open surgical techniques
Open ureteral reimplantation is described as the gold standard for the surgical correction of VUR with success rates of greater than 95 % in over 8000 ureters [32] . Immediate postoperative side effects of intravesical ureteral reimplants are well described-hematuria, bladder spasms, and irritative voiding symptoms-and are related to the need for an open cystotomy to perform reimplantation. These issues are usually transient but can be largely obviated by an extravesical approach to the surgical reimplant. Although extravesical ureteral reimplantation, particularly in the setting of bilateral reimplantation, has been associated anecdotally with urinary retention secondary to disruption of the nerve supply to the urinary bladder, use of a modified surgical technique limiting ureteral and detrusor dissection as well as a strict postoperative pathway involving early ambulation and patient education have markedly reduced its occurrence [33] . The complications of ureteral obstruction and recurrent VUR are rare (G5 %) with open reimplantation techniques. Open ureteral reimplantation is our preferred technique for any VUR that is not straightforward, for example, VUR associated with anatomic anomalies (duplication anomalies, diverticula) and in patients with a history of lower urinary tract dysfunction, either neuropathic or related to BBD.
Robotic-assisted ureteral reimplantation
Based on a review of the Pediatric Health Information System, a database containing information from 47 of the larger tertiary pediatric centers in the USA, the number of robotic pediatric urologic procedures performed is increasing at a rate of 17 % per year [34] . Ureteral reimplants are second only to robotic-assisted laparoscopic pyeloplasty in this list.
Since first described by Peters in 2005, multiple groups have reported on their success with laparoscopic robotic-assisted extra-and intra-vesical ureteral reimplantation, with success rates ranging from 83 to 95 % in relatively small series of patients [35, 36] . In contrast, a recent multi-institutional review of 61 patients (93 ureters) treated with extravesical robotic-assisted ureteral reimplantations performed by five robotically experienced pediatric urologists found a 23 % failure rate, with 10 % of the patients experiencing surgical complications or requiring an additional procedure for persistent VUR [37] .
The cost-effectiveness of pediatric urologic robotic surgery continues to be explored. Although hospital stays are shorter in robotic-assisted ureteral reimplants when compared to their open counterparts, the cost of these hospitalizations at present appears to be higher. Other potential benefits to roboticassisted surgery include decreased postoperative pain. One small comparative study of postoperative pain in children undergoing open versus robotic-assisted ureteral reimplantation found decreased narcotic analgesic requirements in children undergoing robotic surgery, and, while a difference in pain scores was not significantly different between the groups, the percentage of children experiencing severe pain was less in the robotic-assisted group (9 % versus 45 %) [38] . This has been confirmed by other series [39] . In addition to limiting postoperative pain, particularly in older patients, the smaller incisions from robotic-assisted ureteral reimplantation may also provide an improved cosmetic outcome from the perspective of patients and their parents. After showing parents and children older than 7 years of age images of scars for robotic versus open ureteral reimplantation, 85 % preferred robotic scars, provided that the surgical procedure was equally efficacious [40] .
While robotic ureteral reimplantation demonstrates promise and some series have approached the success rates of open ureteral reimplantation, patient numbers are small and initial results need confirmation by larger comparative series. The standardization of the technique also remains unclear in the face of varying inter-institutional outcomes.
Conclusions/emerging therapies
While no new techniques in the management of VUR have emerged since the advent of robotic-assisted ureteral reimplantation in the mid-2000s, the "best" management strategy for pediatric VUR remains a topic of discussion. Ongoing issues include the role of antimicrobial prophylaxis in specific VUR patient subpopulations, the ideal indications for Deflux treatment, and the costeffectiveness of robotic-assisted techniques, particularly in light of recent data regarding the relative success rate compared to gold standard, open ureteral reimplantation.
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